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Introduction
The aim of the work is the study of sparging method application for prevention of formation of polarizing layer on the membrane surface at the process of UF-concentration of the skim milk.
To attain the set aim it is necessary to solve the following tasks: -to characterize the modern state of prevention of polarizing layer formation on membrane surface;
-to determine factors that influence the process of UF-concentration of the skim milk using the sparging method;
-to determine the rational parameters of ultrafiltration concentration of the skim milk on the base of the results of research.
Among all known membrane processes (microfiltration, ultrafiltration, nanofiltration, reverse osmose and so on) [1] the ultrafiltration is most suitable for the processing of skim milk raw material, because the ultrafiltration process is characterized with such advantages as the high economy, low energy capacity, absence of phase transformations of protein [2] . As opposite to the reverse osmose and nanofiltration the ultrafiltration process runs at lower pressure (0,2…0,6 MPa) and at the same time provides much higher selectivity than microfiltration [3] . Together with concentration of food solutions UF realizes their cleansing from the low-molecular substances, bacteria, keeping the constant рН value. All aforesaid conditions the wide use of ultrafiltration process at the milk raw material processing at its application in the technologies of milk products [4] .
Despite the fact that the processes of membrane processing are successfully used in food industry at the production of milk and milk products, today the technical support of ultrafiltration for the skim milk processing has a series of complications [5] .
The modern development of membrane technologies allows create the series of membranes of new generation that conditions the wider field of their use in food industry. That in its turn needs creation of the new technical support, including in the conditions of the skim milk processing [6] .
The restraining role in the development of ultrafiltration methods of processing of the skim milk raw material is played by the low specific output of UF-membranes, caused by the peculiar properties of high-molecular substances of the skim milk raw material [7] . At the same time throughout the world is observed the practical absence of improved ultrafiltration sets of the low capacity that is explained by insufficient number of experimental data relative to the working characteristics of new membranes, necessary for the calculation of process of UF-concentration of the milk raw material and equipment for its realization [8] .
The wide introduction of sparging processes is impeded by the lowering of membranes permeability in the process of separation, which main cause is the formation of the sediment layer on the membrane surface that is concentration polarization [9] . For prevention of polarizing layer formation it is necessary to provide in construction of created membrane module the device that turbulizes the flow of separated polydisperse system [10] .
Hydromechanical methods are more suitable in the aspect of preservation of the native properties and components of separated raw material among all ways of active impact on the process of formation of concentration polarization layer [11] . One can become acquainted more detail with the ways and devices of hydromechanical prevention of formation of polarizing layer on membrane surfaces from the work [12] . Among the existent method it seems to be prospective to use the process of sparging of the flow of separated system for its additional turbulization that is the aim of this research.
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Materials and Methods
For acceleration of the process of UF-concentration of the skim milk was offered the method of the fight against polarizing layer by the sparging of processed food liquids by the babbles of air or inert gas in direct closeness to the surface of semi-permeable UF-membranes. At that the acceleration of ultrafiltration process takes place at the expanse of combined influence on gel, formed on the membrane surface, sparging pressure, turbulization of the flows of processed liquid and hydraulic impact of liquid on the UF-membrane surface. Fig. 1 is presented the principal scheme of ultrafiltration laboratory set on the base of membrane module with sparging device. The base of ultrafiltration laboratory set is a filtrating module 1, made of stainless steel, which internal volume is 5 l. The flanges are welded to the top and low bases of modules, the top 3 and low 4 covers are fixed to these flanges by clamping bolts. Hermeticity of coats fixation is provided by the rubber gaskets 15. On the low cover with through radially drilled orifices for permeate removal is fixed the semi-permeable ultrafiltration membrane 16. Manometer 2 is embedded in the top cover for the control of pressure of the process that provides the supporting of necessary pressure of filtration at full hermeticity, and thermocouple 18, connected with potentiometer 17 KSP-4. On the top cover is also placed the cock for input of pressure and depressurization 9, through which the necessary pressure is formed in the module using compressor 10.
1. Experimental procedures On the
In the middle of working chamber of module in parallel to surface of semi-permeable membrane is placed the sparging device (bubbler) 14, made as torus with orifices, connected to the compressor for sparging 12. Filtrating module is equipped with water jacket, which temperature is regulated using ultrathermostat UT-15 (Odessa experimental plant of laboratory medical technique, Ukraine) 13 through the nipples of input 6 and output 11 of coolant. In the low part of filtrating module is placed the cock for removal of ultrafiltration concentrate of separated raw material 5.
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Permeate is removed from the module using the connection 7 and collected in container 8. The summary working surface of membranes in device is 0,024 m 2 . The appearance of ultrafiltration device in the process of concentration of the skim milk in laboratory conditions in presented on the Fig. 2 .
Fig. 2. Appearance of laboratory set
The ultrafiltration process in this ultrafiltration laboratory set is realized as following. The working chamber of filtrating membrane module is filled with separated raw material, the necessary pressure is created using compressor, and the ultrafiltration is carried out. For the study of influence of sparging on the process of infiltration separation of the food liquid, the sparging compressor is switched on and creates turbulization of system near the surface of semi-permeable membrane through the sparging device. In the process of ultrafiltration permeate passes through the membrane pores, it is removed from filtrating module using connection and collected in container. Ultrafiltration concentrate of separated liquid is taken from filtering module by cock after attaining the necessary value of concentration factor.
The modeling of process of UF-concentration of the skim milk
For determination of characteristics of the process of UF-filtration of the skim milk, the mathematical model by the method of experiment planning was offered. The regression equations (1, 2), received as the result of modeling of changed parameters of UF-concentration of the skim milk, favor the more detail study of phenomena that take place at ultrafiltration of the skim milk raw material. At the same time they determine the optimal conditions of UF-concentration of the skim milk to receive concentrates with the different value of UF-membranes capacity on the base of copolymers of acrylonitrile (PAN), presented below [13] .
The membrane capacity at UF-concentration of the skim milk in ordinary mode: 
Reports on research projects
Food Science and Technology
The membrane capacity at UF-concentration of the skim milk using the sparging method: 
At that for the study of the process of UF-concentration of the skim milk were chosen the following main input parameters of process: t -temperature of UF-concentration, °С; Р -pressure of filtration, MPa; n s -frequency of sparging, min -1
; Р 1 -pressure of sparging, MPa. For the study was used the skim milk, produced at enterprise LTD "MOLAGRO PLUS", city Lozovaya, Kharkiv region, Ukraine with the following chemical composition: dry substances -8,5 %; protein 3,2 %; fat -0,07 %).
Results
The important factor that essentially influences the process of UF-concentration of the skim milk using the method of sparging of initial raw material above the membrane surface is a frequency of sparging (n s ).That is why there was studied the influence of sparging frequency on the capacity of studied UF-membranes of separated skim milk at the temperature 20 °С and pressure of UF-concentration process 0,4 MPа [14] , presented on the Fig. 3 .
On the Fig. 3 can be seen that the intensive increase of capacity of both membranes takes place at the increase of sparging frequency to the values 0,10…0,15 min -1 , after that the capacity parameters at UF-concentration of the skim milk are stabilized.
Besides the sparging frequency of separated raw material, the creation of hydrodynamic conditions near the surfaces of semi-permeable UF-membranes is also influenced by the sparging pressure (Р 1 ). That is why at the next stage the influence of sparging pressure on the capacity of membranes of PAN type was studied. The results of the study are presented on the Fig. 4 . 
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values the capacity of UF-membranes of PAN type droningly increases and this dependency has the linear character. The rational interval of sparging pressure is the values 0,56…0,58 MPa, because they mostly favor the raise of capacity of ultrafiltration membranes of PAN type but the critical value of pressure in UF-module is not attained at that.
As the result of mathematical modeling the conditions of UF-concentration process using ultrafiltration membranes of PAN type (PAN-50 and PAN-100) were determined. It allowed determine the rational parameters of capacity and also the possible values of this characteristic under conditions of optimal parameters of the process. Optimization of technological modes of UF of the skim milk in blind mode and using the method of fight against polarizing layer allowed construct the three-dimensional graph dependencies, characterizing the aforesaid processes (Fig. 5) . The most rational modes of UF-concentration processes are marked on the graph dependencies by the special hatching.
Experimental studies of technological modes using mathematical model allowed choose the rational technological parameters of UF-concentration of the skim milk in ordinary mode and using sparging near the surface of UF-membranes of PAN type. The maximal effectiveness of the process of UF-concentration of the skim milk in ordinary mode and also using the sparging of raw material is attained at the values of filtration pressure -0,4…0,5 MPa, temperature of UF-processing of initial raw material -40…50 ºС.
The comparative analysis of calculated and experimental characteristics of received UF-concentrates demonstrated the similarity of calculated and experimental data on the capacity of two types of membranes.
The analysis of the data of mathematical modeling testifies that with the raise of temperature from 20 °С to 40...50 °С takes place the increase of the speed of permeate movement in 1,29…1,32 times at UF-concentration of the skim milk at the expense of decrease of its viscosity. At further raise of the temperature the speed of UF-concentration almost does not change that can be explained by the hidden coagulation of protein, due to which it settles on the surface of semi-permeable membranes, firming the polarizing layer [15] . At increase of UF process pressure we can observe that the capacity of PAN UF-membranes intensively increases to the pressure values 0,3...0,4 MPa for the ordinary mode and 0,4...0,5 MPa using the method of sparging of initial raw material, after that the speed of its increase is slowed down. Obviously, it is explained by the growth of hydraulic resistance of sediment that was formed on the surface of UF-membrane [16] .
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The analysis of received regression equations of mathematical model demonstrated that the capacity values of UF-membranes of PAN type depend on pressure, duration, temperature, frequency and pressure of sparging. But UF-membranes capacity increase most of all with the raise of temperature of the process of UF-concentration of the skim milk at the high working pressure and sparging pressure.
Along with it UF-membranes capacity in the process of ultrafiltration of the skim milk is also essentially influenced by the pair impact of temperature and duration of process; temperature of the raw material and working pressure; sparging pressure and temperature of processed environment; working pressure and frequency of sparging.
Conclusions
1. The information about the fact that for today the hydraulic methods are prospective for the fighting against polarizing layer in the aspect of improvement of the process of ultrafiltration of the skim milk is gained. At the same time the question about creation of new methods of prevention of polarizing layer on the surface of semi-permeable membrane that would favor the increase of membrane equipment capacity remains topical.
2. The essential influence of sparging method on the formation of polarizing layer on the surface of ultrafiltration membrane was experimentally proved.
3. The received results allowed determine the rational parameters of the process of ultrafiltration concentration of the skim milk using UF-membranes of PAN type and using sparging method: pressure -0,4.. , sparging pressure must be 0,56...0,58 MPa. 4. It was established, that in the sparging mode takes place intensification of the process of UF-concentration of the skim milk in 1,3…1,4 times comparing with UF in blind mode. But this phenomenon leads only to the partial elimination of polarizing layer from the membrane surface. The result is the firming of remained layer on the membrane surface with the increase of UF process duration that nonetheless leads to the significant decrease of membrane capacity.
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Food Science and Technology 5. These studies are the continuation of the studies on the improvement of processes of membrane processing of food high-molecular liquids using the new types of membrane elements and on elaboration of the methods of fight against polarizing layer on their surface.
6. The received results can be used at the study of other technical parameters in the process of UF-concentration of the skim milk products and also for the improvement of instrument equipment of manufacturing lines for the milk raw material processing.
